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Abstract
Purpose The aim of this study was to investigate the
prognostic significance of the response of primary rectal
lesions to preoperative radiotherapy, pathological nodal
status, and carcinoembryonic antigen (CEA) levels before
and after radiotherapy in rectal cancer patients treated with
a total mesorectal excision.
Methods We investigated the prognostic significance of the
clinical and pathological factors in 97 patients treated with
preoperative radiotherapy (50–50.4 Gy over 5–6 weeks)
followed by curative resections.
Results A high CEA level (>5 ng/mL) after radiotherapy
(hazard ratio, 2.849; 95% confidence interval, 1.061–7.651;
p=0.0377) and pathological lymph node metastasis (hazard
ratio, 0.350; 95% confidence interval, 0.154–0.797; p=
0.0124) were independently associated with postoperative
recurrence. Although the CEA level before radiotherapy
was associated with disease-free survival in a univariate
analysis, it lost its statistical significance in a multivariate
analysis. The response of the primary rectal lesions,
evaluated pathologically by T stage and the degree of
regression, was not associated with disease-free survival. In
patients without lymph node metastasis, the 5-year disease-
free survival of those with a high CEA level after

radiotherapy was significantly worse than those with low
CEA after radiotherapy (61.6% vs. 89.0%, respectively,
p=0.0234).
Conclusions Pathological lymph node metastasis and a
high CEA level after radiotherapy were independent
predictors of a poor outcome in rectal cancer patients
treated with preoperative radiotherapy. The CEA level after
radiotherapy was capable of discriminating patients with a
high risk of recurrence among pathologically node-negative
patients.
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Introduction

Preoperative radiotherapy and total mesorectal excision
(TME) have been shown to improve local control and
possibly survival after the curative resection of rectal cancer
[1–11], and these procedures have been incorporated into
the standard practice for patients with rectal cancer.
Recently, we reported a 5-year disease-free survival rate
of more than 75% after TME for advanced rectal cancer
following preoperative radiotherapy [12]. To further im-
prove postoperative outcome, the identification of a patient
subgroup with a poor prognosis that may require adjuvant
therapy is important. Prognostic factors after surgery for
colorectal cancers have been well documented [13];
however, some of the clinical and pathological features,
such as the depth of transmural invasion, lymph node
metastasis, and tumor marker levels, can be altered in
response to preoperative therapy; thus, the prognostic
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factors of rectal cancers treated with preoperative radio-
therapy must be discussed separately from those treated
without neoadjuvant therapy.

Preoperative radiotherapy is considered to improve the
oncological outcome by reducing both the primary rectal
lesion and pelvic lymph node metastasis, if present [8]. The
transmural depth of the primary lesion (T stage) is a proven
prognostic factor for colorectal cancers [13]. Some of the
patients treated with preoperative radiotherapy show down-
staging in T stage. However, the responses of primary rectal
lesions to preoperative radiotherapy vary among patients;
some show almost no response, while others exhibit a
complete pathological response. Whether the responses of
primary rectal lesions to preoperative radiotherapy are
correlated with postoperative recurrence or survival remains
controversial [14–17]. Lymph node metastasis is also one
of the most important prognostic factors after the curative
resection of rectal cancer [13] and is also associated with
postoperative recurrence, including distant metastasis,
following preoperative radiotherapy [18, 19]. Preoperative
radiotherapy has been shown to sterilize the lymphatic
spread of rectal cancer [20, 21]. Thus, patients who have
been pathologically diagnosed as node-negative after
preoperative radiotherapy might include those who originally
had lymph node metastasis that subsequently disappeared
after preoperative radiotherapy. Therefore, pathological nodal
status after resection following preoperative radiotherapy
might underscore the risk of postoperative recurrence in such
patients. The preoperative serum carcinoembryonic antigen
(CEA) level is another definitive prognostic factor after
the resection of rectal cancers [13], including those treated
with preoperative radiotherapy [22, 23]. Throughout the
course of preoperative radiotherapy, the CEA level can
change: in some cases, the CEA level decreases in
accordance with the reduction of the primary rectal lesion
or pelvic lymph node metastasis; in other cases, the CEA
level increases. Therefore, the CEA levels before and after
preoperative radiotherapy can reflect the cancer status in
response to preoperative radiotherapy. In this study, we
investigated the prognostic significance of the response of
primary rectal lesions, evaluated by pathological T stage
and the degree of histologic regression, pathological nodal
status, and the CEA levels before and after radiotherapy
in rectal cancer patients treated with TME following
preoperative radiotherapy.

Materials and methods

Patients

A total of consecutive 97 patients with locally advanced
rectal cancer who underwent curative resections following

neoadjuvant preoperative radiotherapy between 1993 and
2006 were studied retrospectively. The indication criteria
for preoperative radiotherapy were as follows: (1) rectal
cancer involving the lower third of the rectum (below the
peritoneal reflection), (2) no distant metastasis (M−), and
(3) a tumor depth beyond the muscularis propria (clinical
T3 and T4). Preoperative staging was performed by digital
examination, colonoscopy, endorectal ultrasound, barium
enema, computed tomography (CT), and magnetic reso-
nance imaging. Tumors were defined as involving the lower
third of the rectum when the anal border of the tumor was
distal to the second valve of Huston, which Corman
described as almost corresponding to the peritoneal reflec-
tion [24]. Distance between the distal tumor margin and
anocutaneous verge was also measured. Median (range)
follow-up period was 39.9 (0.9–106.6) months.

Radiation methods

All the patients received pelvic preoperative radiotherapy as
described previously [12]. Neoadjuvant chemotherapy,
which we employed in practice in 2006, was not done
concomitantly in this study period. The total dose of
preoperative radiotherapy was 50 or 50.4 Gy, which was
given in a fractionated and long-course fashion (2 Gy×25
Fr over 5 weeks or 1.8 Gy×28 Fr over 6 weeks,
respectively). Treatment planning was done using CT scans,
and the clinical target volume included the primary tumor,
anus, and regional lymph nodes. The regional lymph nodes
included the nodes around the inferior mesenteric, internal
iliac and middle rectal vessels, the presacral nodes, and the
nodes around the obturator foramen.

Surgical method

After the completion of preoperative radiotherapy,
curative-intent operations were performed. Median (range)
interval between the completion of radiotherapy and the
operation was 34 (15–144) days. The surgical procedures
consisted of a low anterior resection, abdominoperineal
resection, Hartmann operation, and total pelvic exentera-
tion. All the procedures included a lymphadenectomy
utilizing a standard TME technique for dissecting the
perirectal lymph nodes and lymph nodes along the
superior rectal artery.

Pathological study

All the resected specimens were examined pathologically,
and the findings were recorded in accordance with the
tumor–node–metastases (TNM) classification [25]. In addi-
tion to the pathological T stage (ypT stage), the response of
the primary rectal lesion to radiotherapy was evaluated also
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by the degree of histologic regression of cancer and was
classified as either a high responder (Hi-R) or a low
responder (Lo-R). Cases in which more than two thirds of
the cancer had degraded, necrotized, or disappeared
pathologically were classified as Hi-R, while the remaining
cases were classified as Lo-R according to the classification
of the Japanese Society for Cancer of the Colon and
Rectum [26].

Serum CEA level

Serum CEA level was measured preoperatively both prior
to (Pre-Rad CEA) and after (Post-Rad CEA) the completion
of radiotherapy. The cutoff value is 5.0 ng/mL in our
laboratory, and CEA levels exceeding this value were
classified as high CEA, while those below this value were
classified as low CEA.

Statistical analysis

Disease-free survival curves were created using the
Kaplan–Meier method and were compared using the log-
rank test. Univariate and multivariate analysis for factors
associated with disease-free survival was performed using
the Cox proportional hazard model. In a multivariate
analysis, factors with p values less than 0.2 in a univariate
analysis were analyzed. Paired t test, chi-square test, and
Fisher's exact test were also performed where indicated.
p values less than 0.05 were considered to denote statistical
significance.

Results

Clinical and pathological features and disease-free survival

Table 1 shows the clinical and pathological features of
the patients. Male patients were dominant (72.2%), and
the median (range) age of the patient was 64 (29–82)
years. The median (range) distance between the distal
tumor margin and anocutaneous verge was 4 (0–8) cm.
Clinical T stage before radiotherapy was T4 in two
patients and T3 in the other. Postoperative recurrence,
including local and distant recurrence, was seen in 22
patients, and cumulative 5-year recurrence rate was
27.4%. Local recurrence was seen in one patient, and
the other recurrences were distant metastasis (liver, 11
patients; lung, 11 patients; bone, 2 patients; lymph node,
1 patient; skin, 1 patient). Table 2 shows the associations
of clinical and pathological features with postoperative
disease-free survival analyzed using the Kaplan–Meier
method and the Cox hazard model (univariate analysis).
Age, gender, and histologic type were not correlated with

disease-free survival. Range of interval between the
completion of radiotherapy and the operation was mainly
due to patient reasons. No significant difference was seen
in disease-free survival rates of the patients with shorter
(≤33 days) interval and those with longer (≥34 days)
interval.

Table 1 Clinical and pathological features of the patients

n=97

Age (years)a 64 (29–82)

Gender

Male 70 (72.2%)

Female 27 (27.8%)

Distance from anal verge (cm)a 4 (0–8)

Pretreatment T stage

3 95 (97.9%)

4 2 (2.1%)

ypT stage

0 (complete response) 6 (6.2%)

1 4 (4.1%)

2 26 (26.8%)

3 60 (61.9%)

4 1 (1.0%)

Histologic type

Well-differentiated adenocarcinoma 68 (70.1%)

Moderately differentiated adenocarcinoma 17 (17.5%)

Otherb 6 (6.2%)

No cancer remaining (complete response) 6 (6.2%)

Unknown 2 (2.1%)

Histologic regression

Lo-R 74 (76.3%)

Hi-R 23 (23.7%)

ypN stage

0 65 (67.0%)

1 29 (29.9%)

2 3 (3.1%)

CEA (ng/mL)a

Pre-Rad CEA 5.7 (1.1–201.3)

Post-Rad CEA 3.8 (0.7–39.2)

Surgical procedure

Low anterior resection 61 (62.9%)

Abdominoperineal resection 33 (34.0%)

Total pelvic exenteration 1 (1.0%)

Hartmann 2 (2.1%)

Pre-Rad CEA CEA level before radiotherapy, Post-Rad CEA CEA
level after radiotherapy, Lo-R less than 2/3 of cancer regressed, Hi-R
more than 2/3 of cancer regressed
a Values are expressed as the median (range) of the patients
b Other, poorly differentiated adenocarcinoma, mucinous carcinoma, and
signet-ring cell carcinoma
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Response of the primary rectal lesions

We evaluated the response of the primary rectal lesions to
preoperative radiotherapy according to ypT stage and the
degree of histologic regression (Hi-R and Lo-R). Stage
ypT0-2, which was considered as down-staging because

this study included cT3-4 before radiotherapy, was seen in
36 patients (37.1%). Stage ypT0, meaning a complete
pathological response to preoperative radiotherapy, was
seen in six patients (6.2%). Hi-R, including the six
complete response cases, comprised 23 patients (23.7%).
The 5-year disease-free survival rate was not statistically

Table 2 Clinical and pathological features and disease-free survival

Kaplan–Meier Cox hazard model (univariate analysis)

n 5-year DFS (%) p value HR (95% CI) p value

Age (years) 0.3623 0.3656

64≧ 52 67.0 1

65≦ 45 74.8 0.683 (0.299–1.561)

Gender 0.1173 0.1238

Male 70 76.5 1

Female 27 55.9 1.892 (0.840–4.263)

Radiation-operation interval (days) 0.2702 0.2799

33≧ 26 69.3 1

34≦ 35 85.2 0.498 (0.140–1.765)

ypT stage 0.6984 0.6990

ypT0-2 36 72.0 0.846 (0.362–1.977)

ypT3-4 61 69.6 1

Histologic type 0.2409c

Well differentiated adenocarcinoma 68 70.5 ND

Moderately differentiated adenocarcinoma 17 55.5 ND

Othera 6 100.0 ND

Histologic regression 0.8514 0.8515

Lo-R 74 71.4 1

Hi-R 23 67.7 1.092 (0.180–3.864)

Number of harvested lymph nodes 0.3301 0.3336

12≧ 45 63.8 1

13≦ 51 75.6 0.672 (0.301–1.503)

Pathological lymph node metastasis 0.0029 0.0048

− 65 80.6 0.311 (0.138–0.701)

+ 32 51.3 1

Pre-Rad CEAb 0.0331 0.0397

Low 44 81.1 1

High 53 61.4 2.524 (1.044–6.099)

Post-Rad CEAb 0.0021 0.0038

Low 64 81.4 1

High 33 48.9 3.332 (1.476–7.523)

Post-Rad/Pre-Rad CEA ratio 0.7656 0.7660

1> 76 70.9 0.869 (0.345–2.190)

1≦ 21 68.7 1

DFS disease-free survival, HR hazard ratio, CI confidence interval, Lo-R less than 2/3 of cancer regressed, Hi-R more than 2/3 of cancer regressed,
Pre-Rad CEA CEA level before radiotherapy, Post-Rad CEA CEA level after radiotherapy, ND not determined due to monotonous likelihood
a Other, poorly differentiated adenocarcinoma, mucinous carcinoma, and signet-ring cell carcinoma
b Low, CEA≦5 ng/mL; High, CEA>5 ng/mL
cWell-differentiated adenocarcinoma vs. moderately differentiated adenocarcinoma
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different between the patients with ypT0-2 and those with
ypT3-4 (72.0% vs. 69.6%, respectively, p=0.6984) or
between Hi-R and Lo-R (67.7% vs. 71.4%, respectively,
p=0.8514). Thus, the response of the primary rectal lesion,
determined by ypT stage or the degree of histologic
regression, was not significantly correlated with disease-
free survival. In this series, local recurrence was seen in
only one patient with ypT3, a Lo-R patient, and all other
recurrences were distant metastases.

Pathological nodal status

Median (range) of the number of harvested and examined
lymph node was 13 (1–68). Pathological lymph node
metastasis was seen in 32 patients (33.0%); 29 patients
were ypN1, and 3 patients were ypN2. When analyzed
according to the degree of histologic regression of the
primary lesion, lymph node metastasis was less frequent-
ly observed in Hi-R (18.1%) than in Lo-R (36.0%);
however, the difference was not statistically significant
(p=0.115). None of the patients who showed a complete
response had lymph node metastasis. The 5-year disease-
free survival rate was 80.6% in patients without lymph
node metastasis, which was significantly better than the 5-
year disease-free survival rate of 51.3% seen in patients
with lymph node metastasis (p=0.0029). The 5-year
disease-free survival rate of the patients with less than
13 harvested lymph nodes was worse (63.8% vs. 75.6%);
however, the difference was not statistically significant
(p=0.3301).

Serum CEA level

The median (range) Pre-Rad CEA level was 5.7 (1.1–
201.3) ng/mL, while the median (range) Post-Rad CEA
level was 3.8 (0.7–39.2) ng/mL (p=0.0005). The Pre-Rad
CEA level was high in 52 patients (53.6%), and the Post-
Rad CEA level was high in 34 patients (35.1%); this
difference was statistically significant (p=0.0093). The
Post-Rad/Pre-Rad CEA ratio was less than 1, which
indicates decline in CEA level in response to radiotherapy,
in 76 patients (78.3%). Both a high Pre-Rad CEA level and
a high Post-Rad CEA level were significantly correlated
with poor disease-free survival (p=0.0331 and p=0.0021,
respectively, Fig. 1a, b). The Post-Rad/Pre-Rad CEA ratio
was not significantly correlated with disease-free survival
(p=0.7656).

Multivariate analysis

In the multivariate analysis of clinicopathological features
with p values less than 0.2 in a univariate analysis,
pathological lymph node metastasis (p=0.0124) and a high

Post-Rad CEA level (p=0.0377) were independently
associated with poor disease-free survival (Table 3).
Although both the Pre-Rad CEA level and the Post-Rad
CEA level were significantly associated with disease-
free survival in a univariate analysis, the Pre-Rad CEA
level lost its statistical significance (p=0.685) in the
multivariate analysis. Furthermore, among patients with
a low Post-Rad CEA level, patients with a high Pre-
Rad CEA level (n=23) and those with a low Pre-Rad
CEA level (n=41) had comparably fair 5-year disease-
free survival rates (81.0% vs. 82.3%, respectively, p=
0.6014, Fig. 2). Thus, for patients with a low Post-Rad
CEA level, the previous Pre-Rad CEA level is of little
significance.
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Fig. 1 Disease-free survival curves according to CEA level before
preoperative radiotherapy (a) and CEA level after preoperative
radiotherapy (b). High Pre-Rad (Post-Rad) CEA patients with CEA>
5 ng/mL before (after) radiotherapy; Low Pre-Rad (Post-Rad) CEA
patients with CEA≤5 ng/mL before (after) radiotherapy
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Significance of Post-Rad CEA level in node-negative
patients

To further examine the prognostic significance of the Post-
Rad CEA level, we performed a combined analysis of nodal
status and the Post-Rad CEA level, both of which were
selected as independent prognostic factors in the multivar-
iate analysis. Figure 3 shows the disease-free survival
curves of the patient subgroups stratified according to the
combination of pathological nodal status and Post-Rad
CEA level. The 5-year disease-free survival of the patients
with a high Post-Rad CEA level was significantly worse
than that of the patients with a low Post-Rad CEA level
among node-negative patients (61.6% vs. 89.0%, respec-

tively, p=0.0234), and it approximated the disease-free
survival of patients with lymph node metastasis (51.3%).
Thus, the Post-Rad CEA level was able to discriminate a
patient subgroup with a worse prognosis among patholog-
ically node-negative patients.

Discussion

In this study, we separately analyzed the prognostic
significance of CEA levels before and after radiotherapy
and found that the Post-Rad CEA level was an independent
prognostic factor in a multivariate analysis but that the Pre-
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Fig. 3 Disease-free survival curves according to pathological nodal
status and CEA level after preoperative radiotherapy. ypN-/High
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radiotherapy. ypN-/Low Post-Rad CEA, node-negative patients with
CEA≤5 ng/mL after radiotherapy. ypN+, node-positive patients.
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High Pre-Rad → Low Post-Rad CEA (n=23)

Low Pre-Rad → Low Post-Rad CEA (n=41)

Patients censored
High - Low 0 4 6 11 14 14
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Fig. 2 Disease-free survival curves of the patients with low CEA
level after radiotherapy according to CEA level before radiotherapy.
High Pre-Rad→Low Post-Rad CEA, patients with CEA>5 ng/mL
before radiotherapy and CEA≤5 ng/mL after radiotherapy. Low Pre-
Rad→Low Post-Rad CEA, patients with CEA≤5 ng/mL before and
after radiotherapy

Cox hazard model (multivariate analysis)

n HR (95% CI) p value

Gender 0.1235

Male 70 1

Female 27 1.905 (0.839–4.325)

Pathological lymph node metastasis 0.0124

− 65 0.350 (0.154–0.797)

+ 32 1

Pre-Rad CEAa 0.6085

Low 44 1

High 53 1.323 (0.454–3.856)

Post-Rad CEAa

Low 64 1 0.0377

High 33 2.849 (1.061–7.651)

Table 3 Multivariate analysis of
factors associated with disease-
free survival

HR hazard ratio, CI confidence
interval, Pre-Rad CEA CEA
level before radiotherapy,
Post-Rad CEA CEA level after
radiotherapy
a Low, CEA≦5 ng/mL; High,
CEA>5 ng/mL
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Rad CEA level was not. The preoperative serum CEA level
has been shown to be a prognostic factor after the curative
resection of colorectal cancer [13, 27], and the preoperative
CEA level, prior to radiotherapy, has also been shown to be
of prognostic significance for rectal patients treated with
preoperative radiotherapy [22]. However, few studies have
focused on the change in CEA levels throughout the course
of treatment, including surgery and radiotherapy.
Concerning the CEA levels before and after resection of
rectal cancer, Park et al. reported that the consistently high
CEA level was a risk factor for systemic recurrences [28],
and Kim et al. showed that clearance pattern of CEA after
surgery was well correlated with patient survival [29].
Recently, Larsen et al. reported that the CEA response to
preoperative radiotherapy was a predictor of postoperative
local recurrence [30]. They showed that the local recurrence
rate of the patients with a reduced CEA level was better
than those with a consistently high CEA level and as good
as those with a consistently normal CEA level. In their
study, the change in the CEA levels was not of prognostic
significance for overall survival. Our results match well
with recent reports concerning the CEA levels before and
after preoperative chemoradiotherapy [31, 32]. Perez et al.
showed that a normal CEA level after preoperative chemo-
radiotherapy was associated with improved overall and
disease-free survival [31]. In addition, they showed that
reduction in CEA level was not correlated with survival,
which is also in accordance with our results. Therefore, not
reduction in CEA level but reduction to normal (below the
cutoff value) level seems to predict improved survival. The
patients with a high Pre-Rad CEA level that then decreased
to a normal level after radiotherapy showed an equally fair
disease-free survival compared with the patients that
consistently exhibited a low CEA level before and after
radiotherapy. It was speculated that a high CEA level that
subsequently normalized after preoperative radiotherapy or
after surgery might indicate localized disease that was
controlled by pelvic radiotherapy or completely removed
by surgery, whereas a consistently high CEA level after
radiotherapy or surgery might indicate the presence of
systemic disease which keeps a serum CEA level high
despite control or removal of the primary rectal lesion.

Lymph node metastasis after a curative resection for
colorectal cancer is a well-documented prognostic factor,
and patients with lymph node metastasis are recommended
to undergo postoperative adjuvant chemotherapy to reduce
the risk of recurrence [13, 33, 34]. In patients treated with
preoperative chemoradiotherapy, lymph node metastasis
also has been shown to be the most important prognostic
factor [35, 36]. In the present study as well, nodal status
after preoperative radiotherapy was a significant prognostic
factor. However, in patients who received preoperative
radiotherapy for rectal cancer, regional lymph node metas-

tasis disappeared in some patients, resulting in a down-
staging of the N stage [2, 21]. Therefore, patients with
lymph node metastasis prior to preoperative radiotherapy
that subsequently disappears after radiotherapy would be
classified as pathologically node-negative after surgery, and
the risk of postoperative recurrence, especially in the distant
area outside the radiation field, might be underrated. Such
high-risk patients should be discriminated from among
pathologically node-negative patients treated with preoper-
ative radiotherapy, and postoperative adjuvant chemother-
apy should be considered for such patients. In an attempt to
select a high-risk subgroup in patients without pathological
lymph node metastasis, we performed a combined analysis
of nodal status and Post-Rad CEA level, both of which
were independent prognostic factors in a multivariate
analysis. As shown in Fig. 3, patients with a high Post-
Rad CEA level comprised a subgroup with a high risk of
recurrence among pathologically node-negative patients.
Therefore, the Post-Rad CEA level may serve as an
indicator of a high risk of recurrence among pathologically
node-negative patients and might be useful for adjusting the
risk stratification according to the standard TNM classifi-
cation in patients treated with radiotherapy followed by
TME.

In this study, disease-free survival was not associated
with either pathological T stage or the degree of histologic
regression of rectal cancer. Local recurrence after resection
was observed only in one patient, who showed a poor
response to preoperative radiotherapy, and the majority of
recurrences were distant metastases, such as liver and lung
metastases. Therefore, preoperative radiotherapy followed
by TME was considered to reduce local recurrence
irrespective of the response of the primary rectal lesions;
however, preoperative radiotherapy did not have therapeu-
tic effect on distant metastasis at sites outside the radiation
field. The response of the primary lesion to preoperative
radiotherapy is not considered to predict recurrence in
settings where the majority of recurrences are distant
metastases. Recently, the addition of chemotherapy to
preoperative radiotherapy (chemoradiotherapy) has been
shown to further improve local control after the curative
resection of rectal cancer [37]; however, the additional
effects of chemotherapy on postoperative recurrence at
distant sites remains undetermined. Thus, future study
regarding whether the degree of response to chemoradiother-
apy is associated with postoperative survival is necessary.

In conclusion, disease-free survival was not correlated
with the down-staging of the T stage or the degree of
histologic regression of the primary rectal lesion following
preoperative radiotherapy. Pathological lymph node metas-
tasis and the Post-Rad CEA level, but not the Pre-Rad CEA
level, were independent predictors of a poor prognosis after
TME for rectal cancer. The Post-Rad CEA level was
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capable of discriminating a subgroup with a high risk of
recurrence among pathologically node-negative patients,
and thus the Post-Rad CEA level might compensate
pathological TNM stage in risk stratification for appropriate
postoperative surveillance and adjuvant therapy of rectal
cancer patients treated with preoperative radiotherapy.
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